We investigated histopathologically liver structural responses of Nile tilapia Oreochromis 2 niloticus towards overfeeding. Mixed population of O. niloticus with mean weight of 3 55+3.83g was acclimated for one week. Then, the fish were separated into control and 4 treatment groups. Glass aquariums with external biofilters and artificial heaters were used. 5
Introduction 1
In fish culture operations feed and feeding accounts for the highest cost. Optimum feeding is 2 one of the ways through which cost is minimized as well as better growth is achieved. 3 However, the traditional management strategy for maximizing growth is by maximizing 4 feeding (Gao et al., 2012) . Besides, feeding regimes are known to be one of the most disputed 5 areas in tilapia nutrition (El-Sayed, 2006) . Various feeding regimes are in use for tilapia 6 depending on culture conditions and nutritional composition of the feed. Feeding levels 7 ranging from 2% (El-Saidy et al., 2005) up to 5 % (Boyd, 2004) of fish body weight are 8 recommended as optimum. Therefore, a better insight in the effects of overfeeding in fish is 9 urgently needed. 10
Only few researchers have reported histological changes of the liver as response to 1 overfeeding. Phillips et al. (1957) indicated that excessive fat deposition in trout`s liver as 2 well as kidney is caused by overfeeding. Storch et al. (1983) observed that feeding level can 3 provoke alteration of hepatocytes in milkfish fry. Verreth et al. (1994) also mentioned that 4 feeding level can cause an accumulation of lipid in the liver of Clarias gariepinus. According 5 to these authors, feeding level is the most decisive parameter for larval growth and metabolic 6 performance of the liver. 7 8 So far, only little attention was given to overfeeding as a direct stressor to the fish liver. Thus, 9
clear and detailed information about the effect of overfeeding on morphological alterations of 10 liver is lacking. Specifically, studies which show how the liver of O. niloticus responds to 11 increased feeding level are scarce. The present study aimed to fill this gap. The main 12 objective of this study is to investigate liver histological alterations of the Nile tilapia O. 13 niloticus in response to overfeeding. 14
Materials and Methods

1
The research was carried out at Laboratory of Fish and Shellfish Pathology (LFSP) Pukyong 2 National University, Korea. Mixed sex population of Nile tilapia, with mean weight of 3 55+3.83 g, were obtained from freshwater fish farm of the University. Twelve randomly 4 selected fishes were scarified before the beginning of feeding trial. The rest of the 52 fishes 5 were acclimated to the experimental condition for about one week after arrival. 6
Fish were fed commercial tilapia diet with 38 % Crude Protein and 6 % Crude Fat content. 7
The feed was purchased from Woosung Feed Co. Ltd., Korea. Composition of the diet (Table  8 1) was given by the company. After acclimation the fish distributed equally and randomly to 9 four 170 liter aquariums categorized into two groups, treatment and control. Each group was 10 duplicated. 11
External biofilters (PhilGreen model Ef-1300, China) were used to recycle the water. Water 12 temperature was maintained at 27+ 1 0 C. Dissolved oxygen was 6-7 mg/l and pH was within 13 the range of 7.2-7.5. Ammonia level was kept below 1mg/l. All optimum water quality 14 requirements for O. niloticus were maintained (El-Sayed, 2006 ) and a photoperiod of 12D 15 and 12L hours were kept. Regular cleaning of biofilters were done to prevent clogging and to 16 maintain filtering efficiency. 17
Feeding 18
Feed was provided constantly as a percentage of fish body weight. The fish in the treatment 19 group were fed four times per day at 09:00, 12:00, 15:00 and 18:00 hours 6 % of their body 20 weight. The feed was weighed and divided into four parts equally. While those fish in the 21 control category were fed two times per day 3 % of their body weight at 09:00 and 18:00 22 hours in the same manner. The treatment feeding level was set by defining overfeeding as 23 feeding beyond the optimum or standard feeding level. 1
The fish in the treatment group were fed more frequently than the control ones to maximize 2 their appetite. In frequent feedings each subsequent meal is known to increase the stomach 3 volume (Riche et al., 2004) and the rate of evacuation is assumed to be faster when the 4 stomach volume increases. Then, each evacuation brings appetite back and let the fish eat 5 more. Feeding level adjustment was made for both control and treatment groups every two 6 weeks in accordance with their body weight gain. 7
Histological analysis 8
Benzocaine was used at a concentration of 50mg/l (Coyle et al., 2004) to euthanize the fish 9 before dissection. Fish were dissected before the beginning of feeding, at third week and at 10 fifth week periods. Images of internal organs were taken using digital camera (Olympus E-11 P2-Japan) during dissection. After gross examination of the other internal organs, whole 12 livers of each fish were carefully removed from the body and weighed. A part of liver tissue 13 was dissected and pre-fixed in Bouin's fixative solution. Following post-fixation the liver 14 tissue blocks were washed with tap water and then dehydrated in graded series of 70~100% 15 alcohol. After cleaning and paraffin embedding, tissue slices of 5µm thickness were obtained 16 using rotary type microtome (Reichert-Jung 820, Leica, Germany). Liver tissues were stained 17 with Hematoxylin and Eosin (H&E) for histological examination with a light microscope (U-18 MDOB, Olympus optical Co. Ltd., Japan). Images of the prepared slides were taken by using 19 the software DP2-BSW (Olympus, Japan). 20
As indication for the liver condition two different indices were calculated.
Hepatosomatic idex ሺHSIሻ = Liver Weight ሺgሻ Body Weight ሺgሻ × 100
The Hepatohypertrophic Index (HHI) was calculated using the following formula (Lee, 2008) . 1
Hepatohypertrophic idex ሺHHIሻ = 1 log ሺnሻ
Where: 2 n = number of nucleus in 1000 µm to detect the significant differences among all groups. 10
Results
1
Gross Liver Observation 2 3
Almost all of fish livers during the first dissection, before the start of feeding experiment, 4 appeared to be normal ( Fig. 1.A) . No external abnormality was observed. Similar normal 5 livers with brown color were observed from fish fed at their optimum requirement during the 6 third and fifth week ( Fig. 1 .B & Fig. 2) . 7 8 Whereas, after three weeks of overfeeding a relatively large sized livers with pale brown 9 color ( Fig. 3 .A) were found. Shiny and oily livers were also seen during week three in 10 overfed fish. Those abnormalities occurred after three weeks of overfeeding and were also 11 observed after five weeks ( Fig. 3 .B). The only difference was that in the fifth week the 12 frequency of pale and oily appearances were higher than in the third week. 13 14 15
Microscopic Liver Observation 1
Normal irregular shaped hepatocytes with very prominent circular nuclei (Fig. 4 .A & B) were 2 found in fish which were dissected before the start of the experiment. The same kinds of 3 healthy hepatocytes with conspicuous centrally located circular nuclei were found in fish 4 which were under optimum feeding regime during both the third (Fig. 4.C & D) and the fifth 5 week (Fig. 5.A & B) . Very few hepatocyte hypertrophy incidents were found after three 6 weeks of optimum feeding (Table 2) . 7
Hepatocytes from both overfeeding groups were structurally different from the non-overfed 8 groups. Very large sized hepatocytes with nuclei dislocated to the cells border ( staining (Takashima et al., 1995) . 17
18
HSI and HHI 19
The hepatosomatic index of overfeeding fish in the third week was significantly (p<0.05) 20 higher than of the control group (Table 2 ). The hepatosomatic index for fish which were 21 overfed for five weeks was significant higher than the control, but lower than in the 22 overfeeding group in week 3. 23
The hepatohypertrophic indices of overfed fish after three and five weeks were significant 1 higher than in the control group (Table 3) . However, the mean hepatohypertrophic index in 2 the overfed group after the fifth week was significantly (p<0.05) lower than in the third week. 3 4 Discussion 1 Pathologically, the functional disturbances produced by injury to cells are often mirrored by 2 structural changes, just as, in turn, structural damage may be followed by loss or alteration of 3 some normal function (Woolf, 2000) . As a central metabolic organ with main function as 4 digestive gland, it is clear that morphological and structural changes in fish liver affect its 5 normal functioning. 6 7
It was indicated that hepatocytes of milkfish fry can alter their structure according to the 8 feeding regime to an extent hitherto unknown among teleost fishes (Storch et al., 1983) . On a 9 study which was done to establish a Zebrafish model for diet induced obesity, hepatosteatosis 10 was found as a result of eight weeks of overfeeding with Artemia (Oka et al., 2010) . 11
12
Stressors to the liver are known to disrupt the microcirculation of the hepatic parenchyma. In 13 the present study, overfeeding in the first few weeks might have increased the transport of 14 nutrients, mainly free fatty acids, to liver cells from stomach and intestine via hepatic portal 15 vein. Increased nutrient inflow means increased work load for these cells and this situation 16 puts them on a hyperfunctional condition. It is known that free fatty acids from ingested food 17 are normally transported into hepatocytes, where they are esterified to triglycerides, 18 converted into cholesterol or phospholipids, or oxidized to ketone bodies (Kumar et al., 2009) . 19 20 Hence, esterifying as well as oxidizing the excess inflow of fatty acids and other nutrients 21 probably increased the work load of the hepatocytes. Hypertrophy is a cellular response 22 which occurs during increased functional demand (Takashima et al., 1995; Kumar et al., 23 2007) . Therefore, the hypertrophy observed in the present study after three weeks of 24 overfeeding might have occurred as a cellular stress response to increased inflow of nutrients 25 to liver cells (Fontagné et al., 1998) and increased workload. 
